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BLOCK PROCESSING IN A MAXIMUM A POSTERIORI PROCESSOR FOR 
REDUCED POWER CONSUMPTION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to block processing encoded data with a maximum a 
posteriori (MAP) algorithm by a receiver in a telecommunications system. 

Description of the Related Art 

MAP decoding algorithms are employed for processing data input to a processor for 
detection and/or decoding operations. The algorithm provides a maximum a posteriori estimate 
of a state sequence of a finite-state, discrete-time Markov process. The MAP algorithm forms a 
trellis corresponding to possible states (determined by a portion of received symbol bits in the 
sequence) for each received channel output value per unit increment in time (i.e., clock cycle). 

States, and transitions between states, of the Markov process spanning an interval of time 
may be represented by a trellis diagram. The number of bits that a state represents is equivalent 
to the memory of the Markov process. Thus, probabilities (sometimes of the form of log- 
likelihood values) are associated with each transition within the trellis, and probabilities are also 
associated with each decision for a symbol bit in the sequence. 

The processor using the MAP algorithm computes log-likelihood values using a values 
(forward state probabilities for states in the trellis), and then /? values (backward state 
probabilities in the trellis) after the a values are computed, as described subsequently. The a 
values are associated with states within the trellis, and these a values are stored in memory. The 
processor using the MAP algorithm computes values of /?, and the a values are then retrieved 
from memory to compute the final output log-likelihood values. To compute the log-likelihood 
values, the entire state metric array of a: values is stored by the MAP algorithm. 

The variable S k is defined as the set of states of the Markov process at time k 9 and y k is 
defined as the noisy channel output sample at time k 9 the sample sequence of length K=L+\ is 
defined as the sequence y K = (y 0 ,y l9 ... 9 y k9 .~ 9 y L ) and, for a data block of length K 9 probability 
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functions may be defined for the Markov process as given in equations (1) through (3): 

a k s =p(S k =s;yl) (1) 

P k s -p{yL\S k =s) ( 2 ) 

r k s ,s=P(S k =s;y k \S k _ x =s). (3) 

where s defines the state S k of the Markov process at time k and s defines the state S k .\ of the 
Markov process at time fc-L 

The log-likelihood value L(u k ) for a user's symbol u k at time k may then be calculated as 
given in equation (4): 

L{u k ) - log(— f-jA. (4) 

FIG, 1 shows an 8 state trellis from time k-2 to time k. In the figures, the number next to 
the state indicates the state number L 

Defining of and /?* from equations (1) and (2) as the forward and backward 
probabilities (state metrics) at time k in state /, respectively, and defining y k % } as the branch 
metric associated with the transition from state i at time k-l to state j at time k, then, the forward 
recursion for states is given in equation (5): 

teS 

where i e S is a set of states at time k-l which have a valid transition to the state j at time k, and 
M is the number of states. 

Similarly, the backward recursion for states is given in equation (6): 

p?~ l =HPjKj > for ' = °> l > ■ • > M - L (6) 

jeS 

where jeS is a set of states at time k which have a valid transition from the state i at time k-l . 

Once the forward and backward recursions for states are calculated, from equation (4), the 
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log-likelihood value (also known as reliability value) L(u k ) for each user symbol u k is generated 
as given in equation (7): 



Z<X) = log 



Y a k ~Y P k 



k 

J 



(7) 



where a state pair (i, j) e is defined as a pair that has a transition from state / at time k-l to 
5 state j at time k corresponding to the user symbol u k = "V\ and a state pair (/, j) e S" is similarly 
defined as a pair that has a transition from state i at time k-l to state j at time k corresponding to 
the user symbol u k = 

The Log MAP algorithm may be defined by substituting 4* = /« (a*), B k = /» (/?*) and 
= ) into the equations (5), (6), and (7). Also, with the relation that /«(exp x + exp y) is 

10 equivalent to max(x,j) + /«(exp(- 1 x- y \ ) + 1), the Log MAP algorithm may be described as in 
equations (8) and (9): 

4=max*or+0 W 



iT=max*(*r ,+r t) ( 9 > 

where max* (x, >>) is defined as max(x, y) + /«(exp(- 1 x-y | ) + 1). 

15 As an example, for the forward recursion, A\ in state 2 at time k as shown in FIG. 1 is 

computed as in equation (10): 

A k = max* (4 W + r* 2 , 4' 1 + r 5 * 2 ). (10) 

When implemented, a MAP algorithm updates the state metrics to compute a k and f3 k ~ x (or 
their log values for the Log MAP algorithm) based on 1) the current values for the state metrics 
20 a k ~ x and for all i ( all states in the set S) and 2) the current sample y k . The update occurs for 
each time k=Q, 1, 2, . . Z, and each update for time £ performs a calculation using only the 
sample corresponding to time k. Thus, the read/write operation for an implementation transfers a 
single sample word for each update operation at a given rate / 
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SUMMARY OF THE INVENTION 

In accordance with embodiments of the present invention, a maximum a posteriori 
(MAP) processor employs a block processing technique for the MAP algorithm to provide a 
5 parallel architecture that allows for multiple word memory read/write processing. The block 
processing technique forms a merged trellis with states having combined branch inputs to 
provide the parallel structure. When block processing occurs, the trellis may be modified to 
show transitions from the oldest state at time k-NXo the present state at time k. For the merged 
trellis, the number of states remains the same, but each state receives 2 N input transitions instead 
10 of two input transitions in the original trellis. Branch metrics associated with the transitions in 
the merged trellis are combinations of branch metrics of the original trellis, and are employed for 
If the update process of forward and backward probabilities by the MAP algorithm. During the 

O update process, the readAvrite operation for an implementation transfers words of length N for 

each update operation, but the frequency (and hence, number) of update operations is reduced by 

5 1 5 a factor of N. Such multiple word memory read/write may provide reduced power consumption 

83 

SJ for a given implementation of a MAP processor in, for example, a DSP. 

D In accordance with an exemplary embodiment of the present invention, probabilities are 

Iris 

ry generated to calculate log-likelihood values in a maximum a posteriori (MAP) processor for 

■j* samples corresponding to data. A first block of samples and a corresponding set of forward 

HI 20 probabilities are retrieved, wherein the block of samples correspond to states of a merged trellis, 
wherein the merged trellis provides combined probabilities of transition from one or more states 
at k-N, N an integer greater than 1, to current states at time k as the set of forward probabilities. 
The set of forward probabilities of the merged trellis for the current state at time k are updated 
based on the block of samples and the corresponding set of forward probabilities. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Other aspects, features, and advantages of the present invention will become more fully 
apparent from the following detailed description, the appended claims, and the accompanying 
drawings in which: 

FIG. 1 shows a prior art trellis diagram for a maximum a posteriori (MAP) processor; 
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FIGs. 2(a) and 2(b) show modified trellises in accordance with an exemplary embodiment 
of the present invention for block processing where transitions for two and three sets of previous 
states and their associated branch metrics are merged; 

FIG. 3 shows an exemplary implementation of memory and memory access for a MAP 
5 processor operating in accordance with an exemplary embodiment of the present invention; and 

FIG. 4 shows an exemplary method of MAP detection including updating forward and 
backward probabilities in accordance with an exemplary embodiment of the present invention. 



DETAILED DESCRIPTION 

10 In accordance with embodiments of the present invention, a maximum a posteriori 

h& (MAP) processor employs a block processing technique for the MAP algorithm to provide a 

S parallel architecture that allows for multiple word memory read/write processing of a given 

*2 circuit implementation. The block processing technique forms a merged trellis with states having 

Sfi modified branch inputs to provide the parallel structure. Such multiple word memory read/write 

SI 1 5 may provide reduced power consumption for a given implementation of MAP processor in, for 

JU example, a DSP. 

By combining multiple intermediate time states of a trellis to form a merged trellis from 
[U time k-Nto time k 9 the merged trellis structure exhibits a parallel structure. When block 

ftf processing occurs, more than one (i.e., N> 1) received sample may be accounted for at a state in 

20 the trellis, and the trellis may be modified to show transitions from the oldest state (at time k-N) 
to the present state (at time k). During block processing, the state branch and path metrics 
associated with transitions account for each transition between receive samples. For example, 
FIG. 2(a) shows a modified trellis for block processing with N = 2, and FIG. 2(b) shows a 
modified trellis for block processing with N = 3. For these new merged trellises, the number of 
25 states remains the same, but each state takes 2 N input transitions instead of the two input 
transitions. 

Preferred embodiments of the present invention employ the Log MAP algorithm, and the 
forward and backward probabilities A) = In {a)) and B) = In (jffj) of equations (8) and (9) may 
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be modified based on the merged trellis structure. In the trellis shown in FIG. 2(a) for N= 2, for 
example, the value of the forward probability A\ in equation (8) for state 2 at time k is computed 
as in equation (11): 

4 =max*(4" 2 +f *, 2 ,4~ 2 +f XA 1 + f *, 2 ,4~ 2 +f i 2 ), (ii) 

5 When evaluating the max*() operation with greater than two values for comparison, such 

as in equation (11), the operation is carried out iteratively over pairs values. 

The value f f is defined as the combined branch metric associated with the transition 

from state i at time Jfc-2 to state j at time k in the forward direction of the merged trellis (e.g., in 
FIG. 2 paths traversed in state transitions occurring from left to right). The combined branch 
1 0 metric may be cumulatively computed in the trellis in a manner well known in the art. For 
jz example, referring to FIG. 1, the path of the trellis of FIG. 1 that transitions from state 2 at time 

6 Jfc-2 to state 0 at time k is state 2 at time k-2 through state 4 at time k-l to state 0 at time k. For the 

£ merged trellis of FIG. 2(a), the branch metric f * 0 for the transition from state 2 at time k-2 to 

00 state 0 at time k, is the combination of the branch metrics T^ 1 and Y k 4 0 for the transitions from 
■ 1 5 state 2 at time k-2 to state 4 at time k-\ ; and from state 4 at time k-l to state 0 at time k 9 

P respectively. Thus, the combined branch metric f k 2 0 from state 2 at time k-2 to state 0 at time k is 

[y 1 2,0 ~ 1 2,4 " hi 4,0* 

1 y Extending this approach of the N=2 case, the forward recursion equation is then 

generalized to the N=3 case of FIG. 2(b) as in equation (12): 

20 4=max; =0 , 5 >7 (4*" 3 +fj,) for/ = 0,1, . . M-l (12) 

where the combined branch metric ff y is obtained by adding three individual branch matrices 
from time k-3 to time k, and M is the number of states. 

A similar modification employing the techniques described above may be made to the 
relation of, for example, equation (9) for calculating the backward probability B k ~ N . However, 

25 the backward probabilities are updated based on traversing the merged trellis in an opposite 

direction to that traversed when calculating forward probabilities. Consequently, the cumulative 
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branch metric values for transitions are derived in the opposite direction to that of cumulative 
branch metric values for transitions in the forward direction. 

The block processing technique may be extended to a larger AT by combining trellises 
from time k-N to time k. This technique for generating branch metrics allows for a reduction in 
the memory space required to store the forward and backward probabilities (state metrics) A) 

and Bt~ N by M 

When implemented, a MAP algorithm employing a merged trellis structure updates the 
state metrics to compute a) and $~ N (or their log values A) and B k ~ N for the Log MAP 
algorithm) based on 1) the current values for the state metrics a k ~ N and $ for all i andy ( all 

states in the set S) and 2) the block of N signal input samples \y k , yttu • • -» Jfrwd- The update 
operation occurs for each time £=0, N, 2N, . . X-iV+1 and occurs at a rate of VN times the rate of 
processing steps of the prior art trellis of, for example, FIG. 1 (i.e., with a rate of/77V)- Thus, the 
read/write operation for an implementation transfers words of length AT for each update operation, 
but the frequency (and hence, number) of update operations is reduced by a factor of N. Data 
transfer operations consume relatively high power, and so reducing the number of data transfer 
operations provides a relative reduction in overall power consumption. 

FIG. 3 shows an exemplary implementation of memory and memory access for a MAP 
processor operating in accordance with an exemplary embodiment of the present invention. In 
FIG. 3, MAP processor 301 accesses memory 302 in read/write operations during the forward 
and backward probability update process. As shown in FIG. 3, memory 302 is divided into 
blocks [y k , y k+u . . J>*+*-i], k=0, N, 2N 9 . . ., L-N+l, of the input sample sequence \y 0 , y u . . yi]. 

FIG. 4 shows an exemplary method of MAP detection by MAP processor 301 including 
updating forward and backward probabilities in accordance with an exemplary embodiment of 
the present invention. At step 401, the method retrieves the first block of samples beginning at 
time k=0 along with the corresponding forward probabilities. At step 402 the forward 
probabilities are updated, such as the update for forward probability A\ for the Log MAP 
algorithm given in equation (1 1) for the N=2 case. At step 403, a test determines if the last block 
of samples (i.e., at time k=L-N+l) has been processed, and if not, the method advances to step 
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404 to point to the next block of samples in memory. The method then returns to step 401 from 
step 404 to process the next block. 

If the test of step 403 determines that all forward probabilities have been updated, the 
methods advances to step 407 to begin the process of updating the backward probabilities. At 
step 407, the method retrieves the first block of samples beginning at time k= L-N+l along with 
the corresponding backward probabilities. At step 408 the backward probabilities are updated. 
At step 409, a test determines if the last block of samples has been processed, and if not, the 
method advances to step 412 to point to the next block of samples in memory. The method then 
returns to step 407 from step 412 to process the next block. 

If the test of step 409 determines that the last block for the current time k has been 
processed and, so all backward probabilities for each time k have been updated, then the method 
advances to step 413. At step 413 the MAP algorithm computes the log-likelihoods in 
accordance with MAP processing algorithms well known in the art. 

Table 1 shows the number of operations per user data for different given values of Win an 
8-state trellis, where N=l is the conventional MAP algorithm of the prior art such as shown in 
FIG.L 



Table 1 



Operation 


N=\ 


N=2 


N=3 


addition 


8*2=16 


8*8/2=32 


8*24/3=64 


max* 
calculation 


8 


8*3/2=12 


8*7/3=56/3 



In Table 1, represents multiplication. As shown in Table 1, computational complexity 
increases with increasing N. However, for typical processing implementations, the power 
consumption associated with data transfer (read/write) operations is significantly greater than 
power consumption associated with computational operations. 

While the exemplary embodiments of the present invention have been described with 
respect to methods implemented within a detector, as would be apparent to one skilled in the art, 
various functions may be implemented in the digital domain as processing steps in a software 
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program, by digital logic, or in combination of both software and hardware. Such software may 
be employed in, for example, a digital signal processor, micro-controller or general-purpose 
computer. Such hardware and software may be embodied within circuits implemented in an 
integrated circuit. 

The present invention can be embodied in the form of methods and apparatuses for 
practicing those methods. The present invention can also be embodied in the form of program 
code embodied in tangible media, such as floppy diskettes, CD-ROMs, hard drives, or any other 
machine-readable storage medium, wherein, when the program code is loaded into and executed 
by a machine, such as a computer, the machine becomes an apparatus for practicing the 
invention. The present invention can also be embodied in the form of program code, for 
example, whether stored in a storage medium, loaded into and/or executed by a machine, or 
transmitted over some transmission medium, such as over electrical wiring or cabling, through 
fiber optics, or via electromagnetic radiation, wherein, when the program code is loaded into and 
executed by a machine, such as a computer, the machine becomes an apparatus for practicing the 
invention. When implemented on a general-purpose processor, the program code segments 
combine with the processor to provide a unique device that operates analogously to specific logic 
circuits. 

It will be further understood that various changes in the details, materials, and 
arrangements of the parts which have been described and illustrated in order to explain the nature 
of this invention may be made by those skilled in the art without departing from the principle and 
scope of the invention as expressed in the following claims. 
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